We report the use of an allograft prosthetic composite for reconstruction of the skeletal defect in complex revision total hip replacement for severe proximal femoral bone loss. Between 1986 and 1999, 72 patients (20 men, 52 women) with a mean age of 59.9 years (38 to 78) underwent reconstruction using this technique.
Approximately 73 to 90 primary total hip replacements (THRs) per 100 000 of the population are performed each year. 1 As the indications for joint replacement expand, the number of revision THRs is anticipated to increase. 1 Massive osteolysis, stress-shielding or multiple revisions can eventually lead to extensive loss of bone in the proximal femur 2 making revision surgery with conventional techniques unfeasible.
In cases of massive bone loss a combination of the use of an allograft with the femoral component has allowed reconstruction of the proximal femur. [3] [4] [5] While the results of this technique have been encouraging, there are a wide range of complications. [6] [7] [8] [9] [10] We report the radiological and functional outcome of the use of an allograft-prosthesis composite. Our hypothesis was that specific factors such as the extent of the loss of femoral bone stock, the number of previous revisions, the length of the allograft, the type of allograft-host bone junction, the type of fixation of the allograft to the host bone and the use of strut grafts may affect the survivorship and the incidence of complications.
Patients and Methods
Between 1986 and 1999, 72 patients (20 men and 52 women; 72 hips) with a mean age of 59.9 years (38 to 78) underwent revision THR using an allograft-prosthesis composite to reconstruct the proximal femur. The inclusion criteria were at least one previous THR and AAOS type-III extensive circumferential bone loss of the proximal femur. 11 According to the classification of Aribindi and Paprosky, 12 17 hips were type III-B and 55 type IV. The exclusion criteria were a history of periprosthetic infection or malignancy of the proximal femur. Patients included in the study had a mean of 2.6 (1 to 6) previous hip operations. The revision operations using an allograftprosthesis composite were performed mainly by three senior surgeons (MIO'C, ADH, FHS).
The allograft was stored in the hospital bone bank (accredited by the American Association of Tissue Banks 13 ) at a temperature of -70°C. 14 Pre-operatively, the radiographs were templated to obtain the approximate size of the bone defect and an appropriate allograft in length and diameter was ordered. Preoperative planning included options for both step-cut and telescoping procedures in case of allograft-host bone mismatch. The level of the osteotomy and the intended length of allograft to be used were also templated pre-operatively in order to avoid producing unacceptable leglength discrepancy. The mean length of the allografts was 13.1 cm (8 to 21). A modified Hardinge approach 15 was used in 44 hips, a posterior approach in 11 and a transtrochanteric approach in 17. The proxi-THE JOURNAL OF BONE AND JOINT SURGERY mal femur was carefully exposed and any remnants were preserved with their soft-tissue attachments to be used later as bone graft wrapped around the allograft. A step-cut osteotomy to enhance rotational stability at the allografthost bone junction was adopted in 62 hips. In 35 hips a short step cut of approximately 2 cm was created, whereas in 27 hips a long step, greater than 5 cm and extending to a maximum of 9 cm was used. In ten hips with a mismatch of the allograft-host bone dimensions, a telescoping procedure (intussusception technique) of the smaller diameter into the larger bone was selected (Fig. 1) .
The implant was cemented into the allograft in all cases. When possible, distal fixation was achieved using cementless long stems (44 hips), bypassing the allograft-host junction by at least 4 cm. In cases in which reaming of the allograft to allow distal cementless fixation would have resulted in a risk of fracture, a stem of smaller diameter was cemented into the host bone (22 hips). In six hips rotational stability could not be achieved with strut grafts and cerclage wires. The allograft host junction was therefore secured and fixed using plates and screws.
Autograft bone from the reamings of the distal femoral canal and all the available local host bone were applied to the allograft-host junction to encourage union. Rotational stability was reinforced by two or more allograft cortical struts and cables except for the six hips in which the allograft-host junction had been secured by plates and screws. The residual proximal part of the host femur was wrapped around the allograft and held by cables. An attempt was made to bring the viable residual proximal femoral bone distally to wrap around the junction of the osteotomy to encourage union.
Revision of the acetabular component was performed in 58 of the 72 hips. The pre-operative classification of Aribindi and Paprosky 12 of the acetabular defects was type I in two, type II in 27 and type III in 29. According to the classification system of the American Academy of Orthopaedic Surgeons, 16 seven were segmental, eight cavitary, and 43 combined. In 14 cases the acetabular component was not revised since both the pre-operative radiological evaluation and the intra-operative findings showed no evidence of loosening. When acetabular revision was required this was always undertaken first. In 39 hips a cementless hemispherical acetabular component was used, in five hips a cemented acetabular component and in 14 an antiprotrusion cage with a cemented acetabular component. The size of the femoral head used was 22 mm in eight hips, 28 mm in 54 and 32 mm in six. In four hips a 28 mm femoral head was used with a constrained acetabular insert.
Reconstruction of the abductor mechanism was a priority in all patients to prevent dislocation and limping. The greater trochanter was attached to the allograft by previously placed wires in 15 hips or by Dall-Milles cables in 13. In the remaining 44 hips repair of the abductors was done by suturing the remnant of the gluteus tendon attached to the allograft to the host tendon using non-absorbable sutures.
The clinical status of the patients was evaluated before the operation using a modified Harris hip score (HHS) 17 without any range of movement assessments. Living patients either returned for clinical and radiological evaluation or were assessed by a local orthopaedic surgeon by radiography and measurement of the HHS. The radiographs and clinical notes of those who had died were reviewed, and relatives were contacted if necessary to assess the patient's functional status before death. All preoperative and post-operative radiological evaluations were carried out by one independent senior orthopaedic surgeon and one fellow (GCB, VIS) in adult reconstruction. An inter-and intra-observer agreement assessment was done for both pre-and post-operative radiological evaluations.
The radiographs were examined for evidence of trochanteric and allograft-host union, endosteal and periosteal resorption, loosening of the component, fracture of the cement and periprosthetic fracture. Union was defined as callus formation, periosteal sclerosis and lack of radiolucent line between allograft and host bone. The allograft was divided into zones as described by Gruen, McNeice and Amstutz. 18 Zone 4 was excluded because of the allograft-host junction. The stability of the implant was assessed for the presence of radiolucent lines according to Gruen et al 18 and migration of the implant. Definite loosen- ing was defined as migration of the implant of more than 3 mm or fracture of the cement. Mild allograft resorption was classified as partial-thickness resorption of less than 1 cm in length, moderate resorption as partial-thickness resorption of more than 1 cm in length and severe resorption as full-thickness resorption of any length.
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Statistical analysis. The Kaplan-Meier method was used for survival analysis, and the 95% confidence intervals (CI) were calculated. 20 Factors studied for a potential relationship to survival included classification of the femoral defect, the number of revisions, step-cut or telescoping of the allograft, and cementless or cemented distal fixation. Pairwise comparisons for all factors observed were weighted with the log-rank (Mantel-Cox 21 ) test of equality of survival distributions for the different levels of each factor which was examined. The level of statistical significance was set at a p-value ≤ 0.05. Failure was defined as planned or actual removal of the original allograft-prosthesis construct or severe radiological resorption of the allograft. Patients who had died or had been lost to follow-up were censored as of their latest date of evaluation.
Results
At a mean follow-up of 12 years (8 to 20) after revision, 57 patients were alive, 14 had died, and one had been lost to follow-up.
Revision of the allograft-prosthesis composite had been performed in 19 hips at a mean of 44.5 months (11 to 153) post-operatively. The causes of revision was allograft nonunion in two hips, aseptic loosening in four, allograft resorption in three, allograft fracture in four and fracture of the femoral component in one. In five hips reconstruction was complicated by deep infection leading to early failure and staged revision (Table I) .
Dislocation occurred in eight hips and was managed by closed reduction. In all of these a 22 mm femoral head had been used. Regarding the association of the dislocation with the abductor mechanism, in four hips failure of the trochanteric re-attachment was evident with trochanteric migration in two and trochanteric nonunion in two. In the other four dislocated hips a tendon-to-tendon repair had been performed. Three of these eight patients had a recurrent dislocation and underwent further surgery in which a larger 28 mm femoral head was used with exchanging of the polyethylene liner and re-attachment of the abductors. One of these underwent further revision to a constrained acetabular liner. Other complications requiring reoperation were haematoma and persistent drainage which required washing out in six hips and trochanteric bursitis and irritation from wires and cables which had to be removed in four. Trochanteric nonunion complicated by migration and deficiency of the abductors occurred in four hips. The latter was managed by trochanteric reattachment and protection of the hip in a spica for eight weeks. Two cases of supracondylar femoral fracture were managed by open reduction and internal fixation (Table II) .
The survival rate of the allograft-prosthesis composite at ten years was 69.0% (95% CI 67.7 to 70.3) when 26 patients (hips) were at risk (Fig. 2) . At five years the survival rate was 78.2% (95% CI 77.2 to 79.2). The KaplanMeier survival rate at ten years when both components were revised was 84.8% (95% CI 79.8 to 94.6).
We carried out assessment of the differences in survival time in relation to the types of femoral defect according to the classification of Aribindi and Paprosky. 12 The pairwise comparison using the log-rank test showed that survival was significantly worse for type IV than type III-B (logrank, p = 0.019).
The survival was also affected by the length of the proximal femoral allograft used for reconstruction. Specifically, linear correlation of different lengths of the allograft-prosthesis composite with survival was estimated using the Pearsons correlation and showed that the survival time had a negative correlation with allograft length (r = 0.78, p = 0.005).
The survival time was assessed according to the number of THRs before revision with an allograft-prosthesis composite. The patients who had six THRs were not compared since only three hips were involved. We found a significant difference in the survival rate between the group with only one THR compared with that with three (log-rank (MantelCox) test, p = 0.047), four (log-rank (Mantel-Cox) test, p = 0.05) and five (log-rank (Mantel-Cox) test, p = 0.026) whereas there was no significant difference in the survival rate between those with only one THR and those with two (log-rank (Mantel-Cox) test, p = 0.078).
Specific technical parameters were evaluated in order to reveal any potential factors affecting the survival of the allograft prosthesis composite including the type of osteotomy and standardisation of the allograft-host bone junction as well as distal fixation into the host bone. The use of the intussusception technique (Fig. 1) was compared with typical step-cut osteotomy, but no significant difference was found (log-rank (Mantel-Cox) test, p = 0.493). Furthermore, distal fixation with cementless stems was compared with cemented fixation and again no significant difference was found (logrank (Mantel-Cox) test, p = 0.519).
Clinically, the HHS improved at follow-up at two years from a mean of 32 points (10 to 48) pre-operatively to a mean of 73 points (52 to 85), with 57 patients (79.2%) having an increase of more than 20 points. Pain was reported to be absent in 35 patients (48.6%), slight or occasional in ten (13.8%), mild in 13 (18%), moderate in nine (12.5%), marked in three (4.1%), and totally disabling in two (3%). At least one walking stick was required in 56 patients (77.8%). At follow-up at five years, 63 patients (87.5%) had an improvement of more than 20 points in the HHS compared with the pre-operative evaluation, reflecting both the efficacy of the reconstruction as well as the debilitated status of these patients before surgery. No relationship was noted between the improvement in the HHS score and the age of the patient (p = 0.136) or the degree of pre-operative bone loss (p = 0.088) using the Tukeys test for pairwise comparisons.
Radiological evaluation by the two independent observers (GCB, VIS) showed good interobserver (kappa = 0.77) and intra-observer agreement (kappa = 0.92). Union at the allograft-host junction was achieved in 59 of the 72 allografts after surgery (Fig. 3) . In seven hips radiological union was evident by six months, in 31 by 12 and in 21 by 24. In all hips protected weight-bearing throughout the whole process of allograft-host union was recom- mended. In 13 hips union was not achieved, including the five complicated by infection, four of which subsequently underwent conversion to an excision arthroplasty and one to a two-stage re-revision. The remaining eight hips with aseptic nonunion were managed by re-revision of the allograft-prosthesis composite. Bone grafting to the allograft-host bone junction was not considered, since the nonunion was accompanied by an excessive resorption of the allograft.
Resorption of the allograft was classified as mild or moderate in nine hips (12.5%). It was consistently identified on the periosteal surface in Gruen zones 1 in 3, 2 in 1, 5 in 1, 6 in 1 and 7 in 3 hips.
Trochanteric nonunion appeared in six of 28 hips (21.4%) with trochanteric re-attachment by cables or wires. In two of these the greater trochanter had become detached from its fixation.
Discussion
The problem of femoral bone loss after failure of THR is expected to increase with the large number of revision procedures performed. Identifying a successful surgical treatment is critical to the care of these patients.
Proximal femoral allografts have been used in revision THR for many years. 2, [22] [23] [24] Allograft offers mechanical properties similar to those of the patient's bone and allows reconstruction of sizeable deficits. 23, 24 In addition, it allows re-attachment of the hip abductors in an effort to preserve the function of the hip and gait. 24, 25 The indications for the use of a structural allograft are not absolutely established. Gross and Hutchison 14 support the use of proximal femoral allograft for the reconstruction of circumferential defects of more than 3 cm in length from the calcar, some combined defects and in some cases of femoral discontinuity. These conditions are likely to occur after failure of a tumour prosthesis or calcar replacement implants with subsidence or in a femur which is too deficient or expanded for impaction bone grafting. In our study we set, as inclusion criteria, femoral bone loss classified as type III according to the AAOS 11 or type III-B or greater according to the classification of Aribindi and Paprosky. 12 Matching the size of the allograft to the host bone may be a problem and has been addressed by the use of cortical struts or step-cuts and intussusception of the allograft bone into the host. 2, 8, 26, 27 When rigidly fixed, strut grafts also provide an extensive surface area of contact with the host bone for supplementary union and incorporation. 27 However, in our series, step-cut osteotomy and the intussusception technique were found to be comparable in terms of survivorship of reconstruction. Further analysis regarding the size of the different step-cut techniques and the achievement of rotational stability could not be performed because of the lack of statistical power due to the small sample size of each group.
Although the technique of cementing of the stem into the proximal femoral allograft has been well documented, 14, 23 there is no consensus regarding distal fixation. Our results showed that there was no statistically significantly difference between cemented and cementless distal fixation regarding survivorship. Elsewhere, it has been stated that distal cementing should be avoided since it may compromise the union of the allograft-host junction and the distal femur for future procedures. 14 The survivorship of an allograft-prosthesis composite reconstruction has been reported to range from 65% to 86% at ten years. 2, 8, 10, [23] [24] [25] 27 (Table III) . These results are comparable with those of our series with survival rates at two years of 92.7%, at five years of 78.2%, and at ten years of 69% (Fig. 2) . The interpretation of many clinical studies is, however, a problem because of the lack of uniformity in the classification of the loss of bone stock and the number of revisions before reconstruction by an allograft-prosthesis composite.
In our series, statistically significant differences were seen in the outcome based on the number of revisions before reconstruction with an allograft-prosthesis composite. Additionally, a statistically significant difference was found between the Paprosky types III-B and IV femoral bone loss. These findings are not unexpected. Patients with a history of numerous revisions are more likely to present with more marked bone loss, making the outcome of rerevision less predictable.
The literature documents a variety of complications and their rates in reconstruction with an allograft-prosthesis composite. Hip dislocation, nonunion at the allograft-host bone junction, post-operative infection, periprosthetic fracture and aseptic loosening of the femoral component are the most frequently recorded. 2, 6, 8, 14, 23 The rate of disloca- tion ranges from 3.1% to 54%, of nonunion of the allograft host bone junction from 4.7% to 20%, of trochanteric nonunion from 25% to 27%, of post-operative infection from 3.3% to 8%, of periprosthetic fracture from 2% to 5% and of aseptic loosening from 1% to 12%. The rate of these complications in our study is comparable. We encountered deep infection in five hips (6.9%) which was also similar to that of other studies. 2, 14, 22, 23, 25, [27] [28] [29] [30] Large segmental allografts pose a higher risk for infection. 31 Union at the allograft-host junction is a significant factor predisposing to the success of the construct. This was achieved in 59 of the 72 allografts in our series and nine hips (12.5%) had moderate or mild allograft resorption, which in three was located at the greater trochanteric area (Gruen zone 1). Resorption was always seen on the periosteal surface of the allograft which would be expected since cement on the endosteal surface inhibits access by host granulation tissue and the dead allograft is not a source of viable cells. 30, 31 On the periosteal surface, however, there is access to host tissue and vascularisation which could lead to resorption.
Other authors have described varying degrees of graft resorption similar to our findings. 9, 14, 23, 27 At follow-up at 11 years Blackley et al 2 reported 12 cases of mild to moderate and only one of severe resorption in 48 allograftprosthesis composites in which the residual host proximal femur had been wrapped around the allograft.
The functional outcome of our patients also reflects the experience of other series. 2, 23 Proximal femoral replacement prostheses are an alternative option in cases of severe loss of proximal femoral bone. [32] [33] [34] Initially these devices were intended for use after tumour resection, but their role has been extended to the management of proximal femoral deficiency in hip revision surgery. We reserve their use in revision surgery to older, less active patients. In one series the femoral replacement component had a survival of 81% at 11 years with revision as the endpoint. 33 Stability of the hip after reconstruction with an allograftprosthesis composite or proximal femoral replacement can be compromised with dislocation due to deficiency of the abductor mechanism or an inability to secure the abductor mechanism to the revision construct. 35 Options for attachment of the abductor mechanism, both to the implant or to the tensor fascia lata, are limited, and probably influence the risk of dislocation. However, this extensive surgery with this associated problem of abductor re-attachment may be the only solution if a resection arthroplasty is to be avoided. 33, 34, 36 Our study has several limitations. It is based on a retrospective analysis of clinical and radiological data. A wide range of prostheses, including cemented and cementless implants, and a variety of allograft lengths were used with no uniformity in the type of implant or the method of fixation either within the allograft or the host.
The strengths of our study include the relatively large number of patients who were followed up for a sufficient period. It is also the only study to compare the clinical and radiological outcome, as well as the overall survivorship on the basis of several technical parameters, such as bone stock, the number of revisions and different methods of fixation.
In conclusion, reconstruction of massive proximal femoral bone loss using an allograft-implant composite can give satisfactory results, but the number of previous hip replacements and the severity of proximal femoral bone loss were associated with a worse outcome.
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